S2

A. Assessing the performance of B3LYP and CAM-B3LYP for structural properties
For evaluating the performance of CAM-B3LYP 1 in comparison to conventional B3LYP, we optimized the ground state and the low-lying singlet and triplet excited states of RoLF in the gas phase using the 6-31G(d) basis set. The resulting pairs of dihedral angles (α / β) are collected in Table S1 . Interestingly, WICT points could not be located on any singlet state surface with B3LYP, whereas those found with CAM-B3LYP correspond to saddle points.
In Table S1 , one can identify the PICT, WICT, and TICT zwitterionic forms with the typical Table S2 lists the bond lengths in representative relaxed geometries of various types (GS, PICT, TICT, and T1) from either functional. Again, there are relatively small differences between B3LYP and CAM-B3LYP, which are largest for the T1 (planar) minimum geometries (average deviation of 0.016 Å) while the GS geometries are in very good agreement (average deviation of 0.006 Å). The Kohn-Sham MOs from B3LYP and CAM-B3LYP are generally also quite similar ( Figure S1 ); in the PICT case, the HOMO-1 and HOMO-2 orbitals (n-and π-MOs) are very close in energy, and their order happens to be different in B3LYP and CAM-B3LYP. We consider the HOMO at the TICT minima ( Figure S1 ) and focus on the bonds in TICT showing the largest deviation between B3LYP and CAM-B3LYP, namely C8-N8, C5a-N5, and C7-C6 (Table S2) . Compared with B3LYP, CAM-B3LYP predicts shorter bonds, which can be attributed to the subtle enhanced bonding character of the HOMO between the corresponding atoms ( Figure S1 ).
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The dark-state crystal structure of roseoflavin in complex with a FMN riboswitch has been determined with a resolution of 3.0 Å (PDB id: 3F4H). 2 In this X-Ray structure, the DMA group is reported to assume a planar orientation with zero twist angle. This can arise from the presence of two conformers that are mirror images of each other with respect to the isoalloxazine plane.
These two conformers have essentially equal energies and are thus populated equally. In such a case, crystallography will not differentiate between the two conformers and yield an average non-twisted planar geometry. Both the B3LYP and CAM-B3LYP calculations give two such mirror-image conformers for the ground state, in which the DMA group is slightly twisted because of the steric hindrance created by the neighboring methyl group (at the C7 position). The isoalloxazine ring adopts a planar conformation in the crystal structure, which is reproduced by both computational methods. The bond lengths from the crystal structure and their computed counterparts from B3LYP/PCM and CAM-B3LYP/PCM calculations are compiled in Table S3 .
The agreement between the experimental and theoretical results is equally good for both methods (average deviations of 0.024 Å and 0.025 Å, respectively).
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B. Tables   Table S1 . Dihedral angles (α and β, see Figure 2 ) for the DMA twist of the relaxed geometries obtained by gradient-following optimizations in the gas phase, at the B3LYP/6-31G(d) and CAM-B3LYP/6-31G(d) levels. * Each minimum geometry has a planar isoalloxazine moiety, except for T1 CAM-B3LYP.
Crossing of states was allowed during geometry optimizations at both levels of theory. As a consequence, the optimizations of higher-lying states generally ended up at the same stationary point on the lower-lying surface (as can be seen from very similar dihedral pairs). Table S2 . Bond lengths and related standard deviations (in Å) of selected minimum geometries computed at the B3LYP/6-31G(d) and CAM-B3LYP/6-31G(d) levels in the gas phase. The atom numbering is given in Figure 1 . Table S5 . Bond lengths and related standard deviations (in Å) in the GS, PICT, and TICT minima computed at the CAM-B3LYP/6-31G(d) level in the gas phase. The atom numbering is given in Figure 1 .
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GS minimum
Bond Name
Type of the Minimum Geometry GS PICT TICT std dev C4a-N5 Table S6 . Bond lengths and related standard deviations (in Å) in the GS, PICT, and TICT minima computed at the CAM-B3LYP/6-31G(d) level in water. The atom numbering is given in Figure 1 .
Type of the Minimum Geometry GS PICT TICT std dev C4a-N5 Figure S1 . The frontier Kohn-Sham orbitals computed at the GS, PICT, and TICT minima using B3LYP/6-31G(d) or CAM-B3LYP/6-31G(d) in the gas phase; visualized with MOLDEN using a contour value of 0.03.
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Ground State (GS) with respect to the dihedral angles (α and β, see Figure 2 ) related to the twist of the DMA group, as calculated in the gas phase (top) and in water (bottom) at the CAM-B3LYP/6-31G(d) level.
Energies are given in eV relative to the GS minimum at the same level. The absolute values of S15 the energy difference between the LE and CT states at a given pair of α and β is presented as a black-and-white contour map at the bottom, where darker color corresponds to a lower energy difference. The quantitative picture of the LE-CT energy difference values can be found in Figure 7 of the main paper. The absolute energy difference value of the two states for each dihedral pair is also depicted in Figure S6 as a 2D color map that is located at the xy-plane on the origin. This is essentially the same contour map as in the bottom panel of Figure 7 , but in the latter, the absolute values of the energy differences are presented. In Figure S8 , the states are denoted as S0, S1, and S2 instead of GS, LE, and CT (as in other figures) to underline that the adiabatic representation is used for the dipole moments, as opposed to the diabatic representation used for the energy values (based on the oscillator strength). This allows examination of the qualitative changes in the LE-CT character of the S1 and S2 states upon the twist of the DMA group.
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D. Choice of micro-solvation model
Apart from the micro-solvation model described in the main paper ( Figure 5 ) we considered two alternatives with one extra water molecule placed either next to the DMA substituent (model A)
or next to the N1 atom in hydrogen-bonding distance (model B), see Figure S9 .
The use of model A significantly affected the DFT/MRCI vertical transition energies, oscillator strengths, and dipole moments computed at the corresponding GS minimum (Table S7 ). This can be related to electron transfer in the HOMO from the DMA group to the added water ( Figure   S9 ). The "forced" interaction with the hydrophobic part of the DMA group of roseoflavin leads to an adverse effect, namely a hypsochromic shift of the first absorption peak (433nm) further away from the experimental value (503 nm). Moreover, the DFT/MRCI energies at the TICT minimum give the same order of the LE and CT states as at the GS minimum, because of a destabilization of the CT state (data not shown). This implies that the LE and CT surfaces do not cross, and hence there should be no ICT, contrary to experiments that assert the presence of an ICT for RoF in water. By contrast, the use of model B has only minor effects on the computed DFT/MRCI results.
As evident from Table S7 , the LE and CT energies relative to the corresponding GS energy change only very slightly (by 0.01 eV and 0.03 eV), and the same applies to the oscillator strengths and dipole moments. Likewise, the electron distribution in the HOMO remains rather unperturbed by the addition of an extra water molecule next to N1 (see Figure S9 , original vs. model B). Table 4 ).
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